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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an electrostatic bonding type macromolecular micell drug carrier and drugs 
carried thereon. More particularly, the present invention relates to a novel macromolecular micell drug carrier of a 
chargeable drug such as protein and DNA, which is useful in areas such as a drug delivery system (DDS) which carries 
a drug to a permissive site in vivo and causes the drug to stably display the functions and effects thereof, drugs to be 
carried by such a carrier, and a method of carrying a drug on this carrier. 

PRIOR ART AND PROBLEMS 

[0002] Macromolecular micell type drugs are attracting the general attention as a useful method for a drug delevery 
system (DDS), for example, and the present inventors have already proposed a macromolecular micell type drug which 
causes physical adsorption of a hydrophobic drug by a block copolyer comprising a hydrophilic segment and a hydro- 
phobic segment. 

[0003] The macromolecular micell type drug based on this physical adsorption is attracting the general attention 
because of a new structure and the possibility of using same in practice. 
[0004] EP-583 955 discloses such bonding by hydrophobic interaction. 

[0005] According to studies carried out by the present inventors, however, it is now clear that there still remain prob- 
lems to be solved. More specifically, the macro-molecular micell drug based on this physical adsorption, although being 
very excellent as means to administer a hydrophobic drug, has a structure essentially characterized by physical ad- 
sorption of a hydrophobic drug by a block copolymer. There has therefore been a drawback that the method has been 
applicable only to drugs having a sufficient hydrophobicity. 

[0006] Under such circumstances, there is a demand for achievement of novel technical means applicable in a wider 
range, which permits stable carrying of a drug irrespective of whether the drug is hydrophobic or hydrophilic. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an electrostatic bonding type macromolecular micell drug carrier comprising 
a block copolymer having a non-chargeable segment and a chargeable segment, which solves the above-mentioned 
problems. 

[0008] The present invention also provides embodiments of the above-mentioned carrier, in which the non-charge- 
able segment is polyethylene glycol; the chargeable segment is polyamino acid and the block copolymer is shown by 
any of the following formula (I) and (II); 



R x - (OCH 2 CH 2 ) m - R 2 - (COCHMH) n _ x - (COCH 2 CHNH) X - R 4 (I) 

CH 2 R 3 
I 

R 3 



R x - (OCH 2 CH 2 ) m - R 2 - <NHCHCO) n _ x - <NHCHCH 2 CO) x - R 4 (II) 

CH 2 R 3 
I 

*3 

(where, R 1 is a hydrogen atom, a hydrocarbon group or a functional group or a functional group substituted hydrocarbon 
group; R 2 is NH, CO or R 6 (CH 2 ) q R 7 , where R 6 indicates OCO, OCONH, NHCO, NHCOO, NHCONH, CONH or COO, 
R 7 indicates NH or CO, and q indictes an integerof 1 or more; R 3 is a carboxyl group, a carboxyl group substituted 
hydrocarbon group, an amino group substituted hydrocarbon group, a hydrazino group, substituted hydrocarbon group, 
(CH 2 ) p -NHCNHNH 2 group, where p indicates an integerof 1 or more, a nitrogen-containing heterocyclic group or ni- 
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trogen-containing heterocyclic group substituted hydrocarbon group; R 4 is a hydrogen atom, a hydroxyl grooup or 
hydrocarbon group having any of CO, NH and 0 at thebonding terminal thereof; m is a number within a range of from 
4 to 2,500; n is a number within a range of from 1 to 300; and x is a number within a range of from 0 to 300, provided 
that x < n). 

[0009] In addition, the present invention provides an electrostatic bonding type macromolecular micell carrier drug 
in which a drug is carried by the carrier as described above, and a carrying method for the manufacture thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 shows a spectral chart of 1H-NMR of PEG-P(Lys). 

[001 1] Fig. 2 shows a graph comparing measuring results of melting for cases with PEG-P(Lys)/DNA, free DNA and 
(Lys)/DNA. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The present invention as described above was developed as a result of studies carried out by the present 
inventors to overcome the problems in the conventional physical adsorption type macromolecular micell drug, and 
realizes a novel electrostatic bonding type macromolecular micell drug carrier essentially different from the physical 
adsorption type one, drugs carried by means thereof, and a method for carrying the drug. 

[0013] In the electrostatic bonding type macromolecular micell carrier comprising a non-chargeable segment and a 
chargeable segment of the present invetnion as described above, various substances are applicable for the both seg- 
ments within the scope of the present invention. 

[0014] Applicable non-chargeable segments include, for example, polyalkylene glycol such as polyethylene glycol 
and plypropylene glycol, polyalkylene oxide, polysaccharide, polyacrylamide, poly-substituted acrylamide, polymeth- 
acrylamide, poly-substituted methacrylamide, polyvinylpyrrolidone, polyvinyl alcohol, polyacrylic acid ester, polymeth- 
acrylic acid ester, polyamino acid, and derivatives thereof. 

[0015] Applicable chargeable segments include, for example, a polyamino acid having a chargeable side chain, or 
more specifically, polyaspartic acid, polyglutamic acid, plylysine, polyarginine, polyhistidine, or, polymalic acid, poly- 
acrylic acid, polymethacrylic acid, polyethlene imine, polyvinylamine, polyacrylamine, polyvinyl imidazole, and driva- 
tives thereof. 

[0016] Substances applicable as a block copolymer of the present invention comprising these segments include; 
[001 7] Polyethylene glycol-polyaspartic acid block copolymer, polyethylene oxide-polyglutamic acid block copolymer, 
polyethylene glycol-polyarginine block copolymer, polyethylene glycol-polyhistidiine block copolymer, polyethylene gly- 
colpolyhistidine block copolymer, polyethylene glycol-polymethacrylic acid block copolymer, polyethylene-polyvi- 
nylamine block copolymer, polyethylene glycol-plyarylamine block copolymer, polyethylene oxide-polyaspartic acid 
block copolymer, polyethylene oxide-polyglutamic acid block copolymer, polyethylene oxide-polylysine block copoly- 
mer, polyethylene oxide-polyarylic acid copolymer, polyethylene oxide-polyvinyl imidazole block copolymer, polyacry- 
lamide-polyaspartic acid block copolymer, polyacrylamide-polyhistidine block copolymer, polymethacrylamide-pol- 
yarylic acid block copolymer, polymethacrylamide-polyvinylamine block copolymer, polyvinylpyrrolidone-polyaspartic 
acid block copolymer, polyvinylalcohol-polyarginine block copolymer, plyacrylic acid ester-polyhistidine block copoly- 
mer, polymethacrylic acid ester-polyvinylamine block copolymer, and polymethacrylic acid-polyvinylimidazole block 
copolymer. 

[0018] A representative structure of these block copolymers is one known as AB-type block copolymer. 

[0019] More specifically, the following paragraph describes an AB-type block copolymer comprising a non-chargeable 

segment obtained from a polyethylene glycol derivative and polyaspartic acid as the chargeable segment: 

CH, - (OCH, CHt ) w -NH-<COCHNH) „-? CCOCH* CHNH) , — H 

CH 2 COOH COOK 

[0020] This is a polyethylene glycol-poly(a, p- aspartic acid) block copolymer comprising polyethylene glycol and 
poly(cc,-|3-aspartic acid), and is synthesized by copolymorizing p -benzyl-L-aspartate-N-carboxylic anhydride with poly- 
ethylene glycol which is a unilateral terminal aminogroup(molecular weight: 200 to 250,000) as the initiating agent. 
The molecular weight of the (p-benzyl, L-aspartate) portion of this polyethylene glycol (p -benzyl-L-aspartate) block 
copolymer is variable within a range of from about 205 to 62,000. Polyethylene glycol-poly(oc,p-aspartic acid) block 
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copolymer is available by eliminating benzyl through application of an alkali treatment of this copolymer. 

[0021] Polyethylene glycol-polylysine block copolymer, shown by the following formula, having a cationic segment 

as the block copolymer: 



CH, - (OCHi CH» ) m - (COCHNH) . -H 

- i 

(CH, ) + 
I 

NHi 



is synthesized through polymerization of e-carbobenzoxy-L-lysine anhydride with unilateral terminal primary amino- 
15 group polyethylene glycol (molecular weight: 200 to 250,000) as the initiating agent. Polyethylene glycol-polylysine 
block copolymer is available by subjecting the resultant polyethylene glycol-poly(e-carbobenzoxy-L-lysine) block co- 
polymer to a deprotecting reaction by the use of methane sulfonic acid. 

[0022] In the present invention, while there is no particular limitation in the kind of drugs capable of being electro- 
statically carried in a macromolecular micell comprising a block copolymer as described above, applicable ones include 

20 macromolecular drugs such as peptide hormone, protein, DNA, RNA, and oligonucleotide and low molecular weight 
drugs having a chargeable functional group in molecules such as Adriamycin and Daranomycin. 
[0023] When causing the macromolecular micell to carry any of these drugs, it is the basic practice to mix the block 
copolymer and the drug or a solution theref. Various operations including dialysis, stirring, dilution, concentration, ul- 
trasonication, temperature control, pH control and addition of an organic solvent may appropriately be adapted. 

25 [0024] When including lyoszyme, an antimicrobial enzyme, in the polyethylene glycol-poly(a, [3-aspartic acid) block 
copolymer shown above, lysozyme can be carried by mixing an aqueous solution of the copolymer with an aqueous 
solution of lysozyme under appropriate conditions including mixing ratio, ionic strength and pH. 
[0025] Furthermore, when causing the polyethylene glycol-polylysine block copolymer described above to carry DNA, 
it is possible to conducted DNA to be carried by mixing an aqueous solution of the copolymer with an aqueous DNA 

30 solution under conditions including appropriate mixing ratio, ionic strength and pH. 

[0026] As described above, according to the electrostatic bonding type macromolecular micell drug carrier and the 
carried drug using same of the present invention, a stable macromolecular mice llstructure is available and chargeable 
substances such as protein and DNA can be efficiently incorporated into the internal nucleus therof. It is thus decom- 
posed in vivo into the body in a stable state. 

35 [0027] The present invention is now described further in detail by means of examples. 

Examle 1 

[0028] Poly-L-lysine (degree of polymerization: 20,0.43 mg) was dissolved into distilled water (1.0ml), and a poly- 
40 ethylene glycol-polyaspartic acid block copolymer (PEG-P(Asp): molecular weight of PEG: 5,000, 23 aspartic acid 
residues per a chain of the block copolymer, 1.0 mg) was dissolved into distilled water (1.0 ml). Thereafter, these 
aqueous solutions were mixed. A weight average particle size of 41 .3 nm and a number average particle size of 36.0 
nm of the resultant mixture were measured by the method of dynamic light scattering. A zeta-potential of 0.643 and 
0.569 mV for the entire surface of the mixture was measured by the method of trophoretic light scattering. 

45 

Example 2 

[0029] Polyaspartic acid (degree of polymerization: 20, 0.32 mg) was dissolved into distilled water (1.0 ml), and 
polyethylene glycol-poly-L-lysine block copolymer PEG-P(Lys); molecular (weight of PEG; 5,000, 20 L-lysine residues 
50 per chain of block copolymer, 1 .0 mg) was dissolved into distilled water (1 .0 ml). Thereafter, these aqueous solutions 
were mixed. A weight average particle size of 28.2 nm and a number average particle size of 42.8 nm of the resultant 
mixture were measured by the method of the dynamic light scattering. 

Example 3 

55 

[0030] Chicken albumen lysozyme (1.0 mg) was dissolved into distilled water (1.0 ml), and PEG-P(Asp) (3.0 mg) 
was dissolved into distilled water (3.0 ml). Thereafter, these solutions were mixed. A weight average particle size of 
24.9 nm and a number average particle size of 23.1 nm of the resultant mixture were measured by the method of the 
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dynamic light scattering. 
Example 4 

[0031] Boving insulin (1 .42 mg) was dissolved into a 0.0005N hydrochloric acid (1 .5 ml), and PEG-P(Lys) having a 
particle size of 0,58 mg was dissolved into distilled water (1.0 ml). Thereafter, these solutions were mixed. A weight 
average particle size of 24.5 nm, and a number average particle size of 22.4 nm of the mixed solution were measured 
by the method of dynamic light scattering. 

Example 5 

[0032] A polyethylene glycol-polylysine block copolymer was synthesized in accordance with the following formula: 



CHifOCH2CH2^-NH2 — U- HC-CT 

NHCOOCHj (Q} 

in DMF 

CH3fOCH2CH2^NH^CO^HNHi^H 

NHCOOCMi^ 



Acid treatment 



CKsfOCHiQ&^NH ^COCKNH-^H 

NJft 

Polyethylene glycol-polylysine block copolymer 



[0033] Fig. 1 shows 1 H-NMR spectra for a case with a PEG molecular weight of 4,300 and 20 L-lysine residues. 
[0034] This PEG-P(Lys) block copolymer (PEG molecular weight; 4,300, average degree of polymerization of poly- 
lysine chain; 20) was dissolved into 1 .0 ml of 0.1 M PBS (pH: 7.4) solution of Salmon Testes DNA in an amount of 50 
ug/ml, and into 1 .0 ml of 0.1 M PBS + 0.6 M NaCI + 2mM Na 2 EDTA (pH: 7.4) so that the number of lysine residues of 
PEG-P(Lys) relative to DNA phosphte group became 0.25, 0.50, 1.0, 2.0, 4.0, 10 and 20 times as large, respecively. 
These solutions wore mixed and then held at the room temperature for three hours. No precipitation was observed in 
any of these samples. For a complex using polylysine homopolymer, on the other hand, precipitation took place in 
samples with ratios (=r) of lysine residues: DNA phosphate group of 1.0 and 2.0. Subsequently, a 20 jllI fraction was 
taken from each sample and subjected to electrophoresis using 0.9% agarose gel. As a result, the amount of DNA 
migrating along with the increase in the amount of PEG-P(Lys) added to DNA decreased, and DNA migration was 
almost inhibited at an amount of addition (r = 1.0) of PEG-P(Lys) with wich the charge became equivalent to that of 
DNA. It was consequently confirmed that a quantitatively stable poly ion complex was formed by the PEG-P(Lys) block 
copolymer and DNA. 

[0035] When using a plylysine homopolymer (molecular weight: 1 ,000 to 4,000) having a degree of polymerization 
almost equal to that Of the PEG-P(Lys) block copolymer, inhibition of DNA migration by addition of polylysine homopol- 
ymer was not observed and a stable complex was unavailable. 

Example 6 

[0036] A PEG-P(Lys) block copolymer was dissolved into 1.0 ml of 1mM PBS (pH: 7.4) solution of Salmon Testes 
DNA in an aomount of 50 jug/ml, and into 1 .0ml of 1 mM PBS (pH: 7.4) so that the number of lysine residues of PEG-P 
(Lys) relative to DNA phosphate group became 0.10, 0.20, 0.50and 1.0 times as large, respectively. A complex was 
formed by mising these solutions. After holding the complex at 4°C for a night, the thermal melting curve of each sample 
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was measured by adding methanol in an amount of 50 vol.X by the use of an ultraviolet absorban of 260 nm. 
[0037] As a result, while the control DNA showed a first milting stage at about 45°C, the complex of DNA and PEG-P 
(Llys) showd two stage of melting at about 45°C and about 65°C. The increase in absorbance at about 45°C gradually 
decreased according as the amount of added PEG-P(Lys) was increased, whereas the increment of absorbance at 
about 65°C in that place. In the sample in which PEG-P(Lys) was added up to 1.0 times to DNA, the increase in 
absorbance at about 45°C diappears, and only the increase in absorbance at about 65°C was observed, suggesting 
that the structure of DNA was completely stabilized. This confirmed that DNA and PEG-P(Lys) stoichiometrically form 
a complex. 

[0038] Fig. 2 shows a case where the number of lysine residues of PEG-P(Lys) is equal to 0.50 times relative to 
DNA phosphote group, and cases with free DNA and P(Lys)/DNA. 
[0039] Remarkable differences are observed also in Fig. 2. 

Example 7 

[0040] Poly-L-lysine (degree of polymerization: 20)(40 mg) was dissolved into 4 ml of the phosphate buffer solution, 
and polyethylene glycol-polyasparatic acid block copolymer(PEG-P(Asp);molecular weight of PEG: 5000, 20 aspharat- 
ic acid residues per a chain of the block copolymer, 2, 32mg) was dissolved into 2.32 ml of the phosphate buffer solution. 
[0041] Thereafter, these aqueous solutions were mixed. A weight average particle size of 44.7 nm and a number 
average particle size of 41 .3nm of the resultant mixture were measured by the method of dynamic light scattering. 

Example 8 

[0042] Ploly-L-lysine (degree of polymerization:20) was dissolved into 4 ml of the phosphate buffer solution, and 
PEG-P(Asp)(molecular weight of PEG:5000, 80 asparatic acid residues per a chain of the block copolymer 4.5mg) 
was dissolved into 4.5 ml of the phosphate buffer solution. Therefore, these aqueous solution were mixed. A weight 
average particle size of 43.6 nm and a number average particle size of 41 .8 nm of the resultant mixture are measured 
by the method of dynamic light scattering. 

Example 9 

[0043] Polyethylene glycol-poly-L-lysine block copolymer(PEG-PLys:(molecular weight of PEG:500, 20 lysine resi- 
dues per a chain of the block copolymer, 5mg) was dissolved into 1 ml of the phosphate buffer solution, and polyethylene 
glycol-polyasparatic acid block copolymer(PEG-P(Asp): molecular weight of PEG: 5000, 20 asparatic acid residues 
per a chain of the block copolymer, 5mg, was dissolved into 1 ml of the phosphate buffer solution. 
[0044] Thereafter, these aqueous solutions were mixed. A weight average particle size of 30.8 nm and a number 
average particle size of 28.8 nm of the resultant mixture were measured by the method of dynamic light scattering. 
[0045] According to the present invention, as described above in detail, there are provided a carrier capable of stably 
carrying a drug under the effect of a macro molecular micell structure, and a drug carried by this carrier. Tt is possible 
to stably incorporate chargeable substances such as protein and DNA which tend to be easily decomposed in vivo. 



Claims 

1 . A macromolecular micelle carrier drug complex comprising a block copolymer macromolecular micelle drug carrier 
and a chargeable drug, wherein said block copolymer comprises a non-chargeable segment and a chargeable 
segment, characterised in that said chargeable drug has an opposite charge to said chargeable segment and is 
carried by electrostatic bonding to said chargeable segment. 

2. A drug complex as claimed in claim 1 wherein said non-chargeable segment is polyethylene glycol. 

3. A drug complex as claimed in claim 1 or claim 2 wherein said chargeable segment is polyamino acid. 

4. A drug complex as claimed in claim 1 or claim 2 wherein said block copolymer comprises one of the following 
formulae (I) and (II): 
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R x - (OCH2CH 2 ) ro -R 2 - (COCHNH) n _ x - (COCH 2 CHNH) X -R 4 (I) 

i 

R t - (OCH 2 CH 2 ) W -R 2 - (NHCHCO) B _ x - (NHCHCH 2 CO) X -R 4 (II) 

i 

Wherein R 1 is a hydrogen atom, a hydrocarbon group or a functional group substituted hydrocarbon group; R 2 is 
NH, CO or R 6 (CH 2 ) q R 7 , where R 6 indicates OCO, OCONH, NHCO, NHCOO, NHCONH, CONH or COO, R 7 indi- 
cates NH or CO, and q indicates an integer of 1 or more; R 3 is a carboxyl group, a carboxyl group substituted 
hydrocarbon group, an amino substituted hydrocarbon group, a hydrazino substituted hydrocarbon group, 
(CH 2 ) p -NHCNHNH 2 group, where p indicates an integer of 1 or more, a nitrogen containing heterocyclic group or 
a nitrogen containing heterocyclic group substituted hydrocarbon group; R4 is a hydrogen atpm, a hydroxyl group 
or a hydrocarbon group having any of CO, NH and O at the bonding terminal thereof; m is a number within the 
range of from 4 to 2,500; n is a number within the range of from 1 to 300; and x is a number within the range of 
from 0 to 300, provided that x<n. 

5. A drug complex as claimed in claim 4 wherein R 3 is a group chosen from the set of; -COOH, -CH 3 COOH, 
-(CH 2 ) 3 NH 2 , -(CH 2 ) 2 NHNH 2 , or a heterocyclic group shown by the following formula: 



H 




6. A drug complex as claimed in any of claims 1 to 5 wherein said chargeable drug is selected from the set of; peptide 
hormones, proteins, DNA, RNA, oligonucleotides and low molecular weight drugs with a chargeable functional 
group. 

7. A method of forming a drug complex as specified in any of claims 1 to 6 comprising the steps of mixing said 
chargeable drug with said macromolecular micelle drug carrier having an opposite charge such that said drug is 
stably carried by said macromolecular carrier. 



Patentanspruche 

1 . Komplex aus Makromolekularmizellentrager und Wirkstoff bzw. Arzneimittel, der einen Blockcopolymer-Makromo- 
lekularmizellenwirkstofftrager und einen aufladbaren bzw. ionisierbaren Wirkstoff aufweist, wobei das Blockcopo- 
lymer ein nicht-aufladbares Segment und ein aufladbares Segment aufweist, dadurch gekennzeichnet, daB der 
aufladbare Wirkstoff eine entgegengesetzte Ladung zu dem aufladbaren Segment aufweist und durch elektrosta- 
tische Bindung von dem aufladbaren Segment getragen wird. 

2. Wirkstoffkomplex nach Anspruch 1, wobei das nicht-aufladbare Segment Polyethylenglykol ist. 

3. Wirkstoffkomplex nach Anspruch 1 oder Anspruch 2, wobei das aufladbare Segment Polyaminosaure ist. 
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4. Wirkstoffkomplex nach Anspruch 1 oder Anspruch 2, wobei das Blockcopolymer eine der folgenden Formeln (I) 
und (II) aufweist: 

R a ~ (OCH 2 CH 2 ) m -R 2 -(COCHNH) n . x - (COCH 2 CHNH) x -R 4 .. ..(I) 

CH 2 R 3 
I 

R 3 

R x - (OCH 2 CH 2 ) m -R 2 - (NHCHCO) n _ x - (NHCHCH 2 CO) X -R 4 (II) 

CH 2 R 3 

Wobei R1 ein Wasserstoffatom, eine Kohlenwasserstoffgruppe oder eine durch funktionelle Gruppen substituierte 
Kohlenwasserstoffgruppe ist; R 2 NH, CO oder R 6 (CH 2 ) q R 7 bedeutet, wobei R 6 OCO, OCONH, NHCO, NHCOO, 
NHCONH, CONH oder COO bedeutet, R 7 NH oder CO bedeutet und q eine ganze Zahl von 1 oder mehr bedeutet; 
R 3 eine Carboxylgruppe, eine durch Carboxylgruppen substituierte Kohlenwasserstoffgruppe, eine aminosubsti- 
tuierte Kohlenwasserstoffgruppe, eine hydrazinosubstituierte Kohlenwasserstoffgruppe, eine Gruppe 
(CH 2 ) p -NHCNHNH 2 , wobei peine ganze Zahl von 1 oder mehrdarstellt, eine Stickstoff enthaltende heterozyklische 
Gruppe oder eine durch eine Stickstoff enthaltende heterozyklische Gruppe substituierte Kohlenwasserstoffgruppe 
ist; R4 ein Wasserstoffatom, eine Hydroxylgruppe oder eine Kohlenwasserstoffgruppe mit CO, NH oder O an deren 
Bindungsende bedeutet, m eine Zahl innerhalb des Bereichs von 4 bis 2.500 ist, n eine Zahl innerhalb des Bereichs 
von 1 bis 300 ist; und x eine Zahl innerhalb des Bereichs von 0 bis 300 ist, vorausgesetzt, daf3 x < n ist. 

5. Wirkstoffkomplex nach Anspruch 4, wobei R 3 eine Gruppe ist, die aus der folgenden Reihe ausgewahlt ist: -COOH, 
-CHgCOOH, -(CH 2 ) 3 NH 2 , -(CH 2 ) 2 NHNH 2 oder eine heterozyklische Gruppe, die durch die folgende Formel dar- 
gestellt ist: 



H 




6. Wirkstoffkomplex nach einem der Anspruche 1 bis 5, wobei der aufladbare Wirkstoff aus der folgenden Reihe 
ausgewahlt ist: Peptidhormone, Proteine, DNA, RNA, Oligonukleotide und Wirkstoffe bzw. Arzneimittel mit nied- 
rigem Molekulargewicht und einer aufladbaren bzw. ionisierbaren funktionellen Gruppe. 

7. Verfahren zur Bildung eines Wirkstoffkomplexes nach einem der Anspruche 1 bis 6, das die Schritte des Mischens 
des aufladbaren Wirkstoffs mit dem Makromolekularmizellenwirkstofftrager, der eine entgegengesetzte Ladung 
aufweist, umfaBt, so daB der Wirkstoff von dem makromolekularen Trager stabil getragen wird. 

Revendications 

1. Complexe de medicament et de vehicule micellaire macromoleculaire, comprenant un vehicule micellaire macro- 
moleculaire de type copolymere sequence pour medicament et un medicament chargeable, ledit copolymere se- 
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quence comprenant un segment non chargeable et un segment chargeable, caracterise en ce que ledit medica- 
ment chargeable comporte une charge opposee a celle dudit segment chargeable, et est portee par ledit segment 
chargeable par I'intermediaire d'une liaison electrostatique. 

5 2. Complexe de medicament selon la revendication 1 , dans lequel ledit segment non chargeable est de polyethylene 
glycol. 

3. Complexe de medicament selon la revendication 1 ou 2, dans lequel le segment chargeable est un polyaminoacide. 

10 4. Complexe de medicament selon la revendication 1 ou 2, dans lequel ledit copolymere sequence correspond a 
Tune des formules (I) et (II) suivantes : 



R x - (OCH 2 CH 2 ) m -R 2 - (COCHNH)n-x- (COCH 2 CHNH) X -R 4 (I! 

I I 
CH 2 R 3 
I 

20 R 3 



Ri- (OCH 2 CH 2 ) 111 -R2- (NHCHCO)„. x - (NHCHCH 2 CO) X -R 4 (II) 

I I 

CH 2 R 3 
I 

Rs 



dans lesquelles R 1 represente un atome d'hydrogene, un groupe hydrocarbone ou un groupe hydrocarbone subs- 
titue par un groupe fonctionnel ; R 2 represente NH, CO ou R 6 (CH 2 ) q R 7 , R 6 representant OCO, OCONH, NHCO, 

35 NHCOO, NHCONH, CONH ou COO, R 7 representant NH ou CO, et q represente un entier de 1 ou plus ; R 3 

represente un groupe carboxy, un groupe hydrocarbone a substituant carboxy, un groupe hydrocarbone a subs- 
tituant amino, un groupe hydrocarbone a substituant hydrazino, un groupe (CH 2 ) p -NHCNHNH 2 dans lequel p re- 
presente un entier de 1 ou plus, un groupe heterocyclique azote ou un groupe hydrocarbone substitue par un 
groupe heterocyclique azote ; R4 represente un atome d'hydrogene, un groupe hydroxy ou un groupe hydrocar- 

40 bone comportant un groupe CO, NH ou O a son extremite de liaison ; m represente un nombre dans la plage de 

4 a 2 500 ; n represente un nombre dans la plage de 1 a 300 ; et x represente un nombre dans la plage de 0 a 
300, a condition que x < n. 

5. Complexe de medicament selon la revendication 4, dans lequel R 3 represente un groupe choisi parmi -COOH, 
45 -CHgCOOH, -(CH 2 ) 3 NH 2 , -(CH 2 ) 2 NHNH 2 , ou un groupe heterocyclique correspondant a la formule suivante : 



H 



50 




6. Complexe de medicament selon Tune quelconque des revendications 1 a 5, dans lequel ledit medicament char- 
55 geable est choisi parmi les hormones peptidiques, les proteines, I'ADN, TARN, les oligonucleotides et les medi- 
caments de faible poids moleculaire a groupe fonctionnel chargeable. 

7. Procede de formation d'un complexe de medicament tel que specifie dans Tune quelconque des revendications 
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1 a 6, comprenant les etapes consistant a melanger ledit medicament chargeable avec ledit vehicule macromo- 
leculaire micellaire pour medicament comportant une charge opposee, de sorte que ledit medicament est porte 
de maniere stable par ledit vehicule macromoleculaire. 
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